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In 1931 (1, 2), publication was first made from our laboratory of a 
prolonged series of experiments which disclosed a singular ineffective- 
ness  of prolan  1 when  administered to  hypophysectomized animals.  ~ 
In seeking an explanation of these facts it seemed likely that the effect 
of prolan on normal young animals must therefore be strengthened by 
some  element furnished by  the  animal's own hypophysis.  An  en- 
deavor was hence made to increase the prolan effect in normal young 
animals by combining prolan with hypophyseal extracts.  A clear-cut 
synergism was demonstrated by combining the two substances (3, 4). 
The  first  results were  secured  by  combining with hypophyseal ex- 
tracts containing the growth hormone, and from preliminary considera- 
tions it  seemed probable  that  the  growth hormone in  the  growth- 
promoting extracts was responsible for the new phenomenon.  The 
* Aided by grants from the Rockefeller Foundation and from the Committee 
for Research in Problems of Sex of the National Research Council. We desire 
here also to express our thanks to the I. G. of Elberfeld, Germany, who, through 
Drs. Ht~rlein,  W. Schulemann  and F. Laqueur, placed generous amounts of prolan 
at our disposal, and finally, to Eli Lilly and Company  of Indianapolis, without 
whose assistance in securing hypophyseal  products this research would have been 
impossible. 
For the sake of convenience, we have employed this term (after Zondek) to 
designate the substance in the urine of pregnant women  which  precociously  stimu- 
lates ovarian development in immature rats or mice. 
~' So impressive indeed was this experience that it at first indicated the total 
incapacity of proian, regardless of dose, to effect the sexual system of hypophy- 
sectomized animals, although later work showed that this result could be obtained 
with extremely high dosage (2, 5). 
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discovery was extended at once to the treatment of hypophysectomized 
animals with these mixtures, the findings with normal animals being 
confirmed there (5). 
The phenomenon of synergism has been  confirmed in  the recent 
publication of Leonard (6), who by employing hypophyseal extracts 
differently prepared has raised the question of the hypophyseal com- 
ponent responsible for the reaction.  Leonard succeeded in obtaining 
excellent activation reactions by the employment of an extract low or 
indeed lacking in the growth hormone but notably rich in the gonad- 
stimulating substance. 
The excellent synergism which was secured in 1931 resulted, as has 
been  said,  from the  combination of prolan with  growth-promoting 
hypophyseal extracts in which the gonad-stimulating hormone was so 
low as to be undemonstrable by the employment of quantities several 
times those used for the activation experiments.  At the time of the 
first communication on this subject, gonad-stimulating extracts were 
made and  tested for  synergism with prolan.  These extracts were, 
however,  purposely  diluted  so  that  their  gonad-stimulating effect 
would not preclude the  recognition of the  activation phenomenon. 
The diluted extracts of the gonad-stimulating hormone did not show 
the phenomenon, but it must be borne in mind that a concurrent dilu- 
tion of the substance responsible for the reaction was thereby inevita- 
bly effected. 
Continued study of the new phenomenon has been made.  Results 
resembling those of Leonard have repeatedly been secured.  In fact, 
hypophyseal extracts rich in the gonad-stimulating hormone can be 
secured by a variety of methods which show a well marked activation 
reaction with prolan.  However, the reacting component of the ante- 
rior hypophysis is neither the gonad-stimulating nor the growth hor- 
mone.  The present paper is concerned with the recognition and pre- 
liminary characterization  of the  hypophyseal substance involved in 
this reaction. 
Non-Identity  of the Hypophyseal Component with the Growth Hormone 
Acetone-ammonia  a (5), aqueous pyridine, alcohol-ammonia (5) or sim- 
ple alcoholic extracts of anterior lobe tissue can be produced which are 
3 Many of the procedures which we have employed in this study were devised 
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extremely low in or devoid of growth hormone though high in gonad- 
stimulating properties.  Such  extracts show excellent synergism when 
combined with prolan.  The results obtained by the combination of 
prolan with this type of hypophyseal preparation  are summarized in 
Table I. 
TABLE  I 
Effect of the Combination of Prolan with Hypophyseal Preparations  Containing 
Little or No Growth Hormone 
Hypophyseal component 
Preparation 
S,  cetone-ammonia,  water-soluble 
fraction (sheep)  R1217 
S,  queous pyridine extract  of  acetic 
acid powder, water-soluble  fraction 
(sheep)  Rl181 
S,  queous pyridine extract  of  acetic 
acid powder, water-soluble  fraction 
(sheep)  R1072 
Mcohol-ammonia (sheep)  R1305 
gqueous alcohol (beef) R1456 
rrichloroacetic  acid,  water-soluble 
fraction (beef) R1463 
Dose* 
~.tg. 
13.6 
13.6 
7.6 
2.7 
6.8 
6.8 
Weight 
of 
ovaries 
mg. 
18 
12 
18 
38 
15 
20 
Prolan 
Weight 
Dose  of 
ovaries 
mg.  mg. 
27.3  28 
27.8  26 
27.3  24 
27.3  40 
27.3  31 
27.3  31 
Combination 
Weight  of  Activa- 
ovaries  tion 
rag.  per coat 
84  2OOt 
43  115 
80  230 
108  80 
87  212 
81  146 
* Total dose given to each animal in 3 days. 
t  Activation is arbitrarily calculated as follows: 
C-- (P +  H  --_r) 
X  100 =  per cent activation; e.g., 
P+H--I 
84 -  (28 +  18 -  18) 
28 +  18 -  18  ×  10o -  2oo per cent. 
c  ffi average weight of ovaries of the group recei~g  the combination of pro- 
lan and hypophyseal component. 
P  =  average weight of ovaries Of the group receiving prolan alone. 
H  ffi average weight of ovaries of the group receiving hypophyseal preparation 
alone. 
I  ffi average weight of infantile ovaries of uninjected controls.  In a11 calcula- 
tions in this paper the value of (I) is taken as 18 nag. 
in their monograph  (5), publication of which has unfortunately been  somewhat 
delayed.  In all instances of  the  utilization or modification of  these  preceding 
methods, acknowledgment is made by specific reference to the monograph. 900  HYPOPHYSEAL  SUBSTANCE  COMBINED  WITtt  PROLAN 
Growth-promoting extracts from the hypophysis can be produced 
devoid of the factor concerned in synergism.  In the previous paper 
(4, Table 8) two types of purified growth hormone preparations made 
by  acetic  acid  extraction  and  by  repeated  isoelectric precipitation 
were cited as potent in the reacting substance.  Preparations of the 
growth hormone made in this way have, as a matter of fact, usually 
given excellent synergism when combined with prolan but we now 
know that this is not invariably the case; though potent growth-stimu- 
lators, they may fail  to  give  the  activation phenomenon.  Finally, 
flavianic acid precipitates (5) from acidified alkaline extracts of beef 
anterior lobe, when extracted with alcohol-ammonia to  remove fla- 
vianic  acid,  furnish  growth  hormone  preparations  devoid  of  the 
synergistic factor. 
Non-Identity  of the ttypophyseal  Component with the Gonad-Stimulating 
Hormone 
When  the  synergistic factor  and  the  gonadotropic hormone are 
present  together,  three  important  types  of  results  are  obtained, 
depending on the relative concentration of the two components in the 
fraction in question.  Further, it can be shown that dilution of various 
hypophyseal extracts does not decrease the content of the two com- 
ponerits in a parallel manner. 
When dealing with high doses of concentrates potent in the syner- 
gistic factor, but contaminated with large amounts of the gonad-stimu- 
lating hormone, the activation phenomenon cannot be recognized, for 
the test animal is already near the limit of its reactivity to these sub- 
stances.  Activation is, however, readily demonstrated at the lower 
dose levels.  Thus synergistic effects can only be shown when ovary 
weights  (calculated by  summation of  the  prolan  and  hypophyseal 
gonadotropic hormone effect)  do not exceed a  certain maximum of 
60-80 mg. and it is therefore best to use a  dose of prolan which will 
give 30-40 mg. ovaries.  The fact that high dosage of gonadotropic 
hormone obscures the activation phenomenon accounts for the appar- 
ent anomaly of increased percentage activation with decrease in dose, 
shown in Table II. 
Preparations containing large quantities of gonad-stimulating hor- 
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sionaUy  encountered  and  when  this  condition  obtains,  the  slight 
synergism shown at higher levels disappears entirely with lower dos- 
age (Table II). 
When powders containing large amounts of the active principle and 
very low amounts of the gonad-stimulating hormone (beef or chemi- 
cally treated sheep preparations) are combined with prolan, the activa- 
tion is roughly proportional to the dose of the reacting hypophyseal 
TABLE  II 
Effect of Combination of Prolan with Hypophyseal Preparations Containing a Large 
Amount of Gonadotropic Hormone 
Hypophyseal  component  Prolan  Combination 
Preparation 
Acetone powder (sheep) R1288 
Flavianate  from  isoelectric  super- 
natant (sheep) Rl173 
Flavianate  from  isoelectric  super- 
natant (sheep) R986 
Dose  [ 
54.5 
27.3 
13.6 
6.8 
54.5 
27.3 
13.6 
6.8 
54.5 
27.3 
13.6 
6.8 
2.7 
Weight 
of 
ovaries 
mg, 
48 
34 
24 
19 
78 
72 
54 
38 
29 
18 
Weight 
Dose  of 
ovaries 
r~g.  mg. 
27.3  38 
27.3  32 
27.3  53 
Weight  of  Aetiva- 
ovaries  tlon 
rag.  ' per ten4 
65  0 
62  15 
72  63 
75  92 
107  16 
63  9 
73  78 
64  106 
111  4 
112  26 
89  22 
80  25 
52  0 
substance  (largely independent of the  amount  of prolan).  This  is 
illustrated in Table III. 
The hypophyseal substance can be produced relatively free of both 
growth  and  gonad-stimulating  hormones.  By  combination  of  the 
essential  features  in the  procedures  for preparation of the synergic 
substance free of  the  growth  and  gonad-stimulating hormones, the 
substance can be prepared free of both contaminants.  For example, 
extraction  of  crude  pituitary  preparations  with  alcohol-ammonia 902  HYPOPHYSEAL  SUBSTANCE  COMBINED  WITH  PROLAN 
(which extracts very tittle growth hormone) followed by treatment 
with  formic  acid  (which destroys  the  gonad-stimulating hormone) 
yields a water-soluble preparation, rich in the synergistic factor and 
free of growth-promoting and gonad-stimulating hormones.  Exam- 
ples of such preparations are included in Tables I and III. 
TABLE  Ill 
Effect of the Combination of Prolan with ttypophyseal Preparations Containing 
Low Amounts of Gonadotropic Hormone 
Hypophyseal component  Prolan  Combination 
Preparation 
~cetone-ammonia  powder  (bed) 
R1346 
Mcohol-ammonia  powder  treated 
with  formic  acid;  water-soluble 
fraction (sheep)  R1475 
~cetic acid powder (sheep) R1076 
~cetic  acid powder  water-soluble  13.6  19 
fraction (sheep)  Rl193  6.8  13 
1.4  18 
~cetone-ammonia water-soluble frac-  13.6  18 
tion (sheep) R1217  6.8  15 
1.4  14 
I  Weight  Weight  Activa-  Weight  Dose  of  of 
Dose  ovaries  ovaries  ovaries  fion 
mg.  mg.  mg.  mg.  mg.  per ceng 
54.4  20  27.3  28  108  260 
27.3  18  47  68 
13.6  13  37  0 
27.3  25  27,3  41  85  77 
13.6  29  91  75 
6.8  24  lo0  114 
2.7  19  107  155 
1.4  14  80  116 
54.4  16  27.3  24  50  127 
27.3  17  30  30 
13.6  16  28  27 
27.3  32  63  91 
52  92 
33  0 
27.3  28  84  ~  2O0 
67  168 
29  21 
Characteristics of the Hypophyseal Substance 
Since the active principle present in the  fractions so far obtained 
has been inevitably associated with protein, it has been impossible to 
draw  any  conclusions regarding its  chemical reactions  or  physico- 
chemical properties.  However, as found in the protein fractions it 
was soluble in water and was precipitable by flavianic, phosphotungsfic H. M. EVANS, M. ~. SIMPSON~ AND P. R. AUSTIN  903 
and sulfosalicylic acids.  It was precipitable by the addition of alcohol 
to a  concentration of 80 per cent in the presence of a  slight salt con- 
centration.  The substance was surprisingly heat-stable when purified 
to this  extent,  although  in  solutions contaminated  with growth hor- 
mone it was reported (3, 4) to be destroyed in 30 minutes at 70-80°C. 
It has now been found possible to heat the substance in neutral solu- 
tion for 2 hours at 70°C. or to boil it for 30 minutes with only slight 
reduction in activity.  The stability of the substance is also shown by 
the fact that all procedures for its preparation,  some of them continu- 
ing for several days, were carried  out at  room temperature.  Great 
stability toward atmospheric oxygen was also notable. 
In order to obtain the principle free of gonad-stimulating hormone, 
use has been made of the destructive action of acetic and formic adds. 
In this respect, formic acid was found to be more advantageous,  for 
the protein-like  hypophyseal hormones  were readily and  completely 
soluble in the reagent.  Two hours'  contact with formic acid almost 
completely destroyed the gonadotropic hormone and definitely injured 
the growth hormone, but was practically without effect on the synergic 
substance.  When acetic acid was used, longer treatment  (6-18 hours) 
was necessary.  With higher concentrations of acetic acid (96-98 per 
cent) the hormones were not completely soluble, while with lower con- 
centrations  (90 per  cent)  the  gonad-stimulating  hormone,  although 
soluble, was not completely destroyed. 
The activating principle was not ultrafilterable through membranes 
prepared  from 6 per cent collodion supported on unglazed porcelain 
(neutral  solution). 
Biological Assay 
The biological assay was conducted as follows: 
A given number of milligrams of prolan, hypophyseal extract or the combina- 
tion of the two was dissolved in 11 cc. of slightly alkaline water and adjusted to 
neutrality  before injection.  Each of three  22-26 day old rats received subcu- 
taneously 1 cc. of the solution daily on 3 consecutive days.  Autopsy was per- 
formed 96-100 hours  after onset  of injection and notes  taken  on ovaries and 
uterus  and the ovaries were weighed.  The average weight of two ovaries was 
taken as the degree of reaction of a given group.  In some cases where activation 
was not certain from the ovary weights it was possible to decide that a significant 
activation  had occurred by consideration of the type of ovarian reaction.  The 904  HYPOPHYSEAL  SUBSTANCE  COMBINED  WITH  PROLAN 
prolan ovary, characterized by a small crop of corporea lutea, was in marked con- 
trast to the type of ovary found after injection of prolan in combination with the 
synergistic factor.  In the latter case, the ovary contained large numbers of cor- 
pora and large follicles, so many that  frequently they were not easily counted 
under  the binocular. 
Preparation of Powders Containing the Synergistic Substance 
Desiccated Glands.--Carefully dissected fresh anterior lobes were placed under 
dry acetone for 1 week with daily changes of acetone.  They were then ground, 
rapidly dried in  a  heated  vacuum  desiccator and  then  dried over phosphorus 
pentoxide in vacuo. 
Acetone Powders.--Standard alkaline extract (5)  was poured into ten volumes 
of cold acetone and the precipitate isolated by centrifuging and drying as above. 
Alcohol-Ammonia.--Powders containing a high concentration of the active sub- 
stance have been prepared by the use of 50 per cent alcohol containing 1 per cent 
ammonia.  20 gin. of sheep acetone powder was extracted for 18 hours at room 
temperature with 1000 cc. of 50 per cent alcohol containing 1 per cent ammonia. 
The solution was centrifuged and the residue reextracted with 800  cc. of alcohol- 
ammonia  for  8  hours.  The  solution was again centrifuged and  the  combined 
supernatants poured into 6000 cc. of alcohol.  Acetic acid (3-5 cc.) was added to 
aid precipitation.  The product was isolated as previously described; yield, 5.7 
gin. 
From 30 gin. of beef acetone powder there was obtained, similarly, 10 gin. of 
the alcohol-ammonia powder. 
Pyridine Extracts.--In this method, 50 per cent aqueous pyridine was used as 
described for alcohol-ammonia powders.  A  similar procedure was described by 
Fevold, Hisaw and Leonard  (7).  As suggested by these authors,  the pyridine 
powders were extracted with water and the active substance was found concen- 
trated in the water-soluble fraction.  The yield of water-soluble material from 
20 gin. of desiccated sheep glands was 0.3 gin. and was highly potent.  10 gin. of 
sheep or beef acetone powder gave  1.0  and  1.4  gin. respectively of the water- 
soluble material and was  somewhat less potent than the concentrates obtained 
from desiccated sheep glands. 
Aqueous Alcohol.--200 gin. of frozen fresh beef anterior lobes was extracted with 
1000  cc. of 40 per cent alcohol for 4 hours and the insoluble material was reex- 
tracted with 500 cc. of 40 per cent alcohol for 18 hours.  The mixture was centri- 
fuged and the supernatant poured into 5000 cc. of alcohol.  Saturated alcoholic 
sodium acetate was added to aid precipitation and after centrifuging and drying, 
there was obtained 2.3 gin. of highly potent concentrate. 
Trichloracetic Acid.--Frozen fresh beef anterior lobes (190 gin.) were  extracted 
for 4½ hours with 600 cc. of 1 per cent trichloracetic acid.  The insoluble material 
was reextracted for 18 hours with 500 cc. of 1 per cent trichloracetic acid and the H. M. EVANS, M. E. SIMPSON, AND P. R. AUSTIN  905 
solutions were centrifuged.  The combined supernatants were poured into 5500 
cc. of alcohol and a few cc. of normal sodium hydroxide was added to facilitate 
precipitation.  The product was isolated and dried as usual.  The water-soluble 
fraction (0.8 gm.) from this concentrate was highly potent in the synergic principle. 
Active Hypophyseal  Substance Rdatively  Free of Growtk and Gonadotropic Hor- 
mones.--The use of extractives as described above almost certainly eliminates the 
growth fraction (5, 6) and by the use of glacial formic or acetic acids it was pos- 
sible to practically eliminate the gonadotropic factor.  Crude alcohol-ammonia 
powder (6.3 gin.)  was dissolved in 75 cc. of formic acid and allowed to stand  1 
hour at room temperature and then 250 co. of acetone was added slowly with 
vigorous stirring.  The mixture was centrifuged and the precipitate was washed 
with acetone and dried; yield, 6.0 gin.  This material was then extracted twice 
with 100 co. portions of water (adjusted to neutrality), the insoluble material was 
centrifuged off and the supernatant precipitated by the addition of 1000 co. of 
alcohol.  Precipitation was aided by the addition of a  small amount of a  satu- 
rated alcoholic  solution of sodium acetate.  The material was isolated as before 
and the yield of water-soluble powder was 2.8 gin. 
Acetic  Acid  Powder.--Growth-promoting  preparations  were  often  prepared 
(5) ,by precipitation of aqueous solutions of acetone powder at pH 5.2.  When 
such fractions were further treated with glacial acetic acid for 6-18 hours, most 
of the gonadotropic  hormone was  destroyed with  little  harm  to the  synergic 
substance.  The  acetic  acid  powders  th.us obtained  were  then  extracted  with 
aqueous pyridine or aqueous ammonia and subsequently converted into water- 
soluble concentrates.  The yields were small but the products were highly potent 
and relatively free of growth and gonadotropic hormones. 
SUMMARY 
The increased gonadotropic effect  obtained by combining prolan 
with hypophyseal extracts can be secured equally well by the use of 
preparations  which  contain  high  amounts  of  the  growth  or  of  the 
gonad-stimulating hormone. 
In hypophyseal extracts containing the growth hormone, the syner- 
gistic effects do not parallel the content of growth-promoting substance. 
Similarly, in hypophyseal extracts containing the gonad-stimulating 
hormone,  the  synergistic  effects  do not  parallel  the  content  in  the 
gonadotropic factor. 
The hypophyseal substance involved has been prepared sufficiently 
free of the growth and gonad-stimulating  hormones to make it inad- 
missible  to  consider  either  of  these  substances  as  responsible  for 
the  reaction. 906  HYPOPHYSEAL  SUBSTANCE COMBINED WITH PROLAN 
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